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ABSTRACT

The design section ig responsible for designing
projects for completion by contract, overseeing designs
done by architect-engineer firms or the Army Corps of
Engineers (COE). The impact a design zection has on an Air
Force base is enormous. The programmed budget for
construction for 1987 was over #3 billion, or about 15
percent of the Air Force operations and maintenance budget.

Performance i3 important in any organization with this
large of an impact. That performance should constantly be
improved. Before performance can be improved it must be
accurately measured. The literature available suggests
that to accurately measure the performance of engineers,
one must firgt identify key dimensions of performance
which, when accomplished, will assure effectiveness. After
effectiveness has been assured, then efficiency,
productivity and quality need to be measured. Together
thegse four things give a picture of performance.

A case study of an Air Force Civil Engineering design
section was done with the purpose of documenting the ayatem
ugsed for performance measurement. The gystem used measgured

effectiveness, performance against achedule,




efficiency and productivity. Some capability of assuring
quality was also built into the management system.

The syetem that is used by the section under study doces
provide a limited capability to measure performance.
However, this system uses mostly subjective measguresz and
little actual quantifiable data. This ia a weaknesa if fine
differences 1i: performance need to be measured; ag would be

the case for a performance improvement system.
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DESIGN AND IMPLEMENTATION

OF A PERFORMANCE MEASUREMENT

SYSTEM IN THE CIVIL ENGINEERING
DESIGN SECTION: A CASE STUDY

I. Introduction

Background

"The mission of Air Force Civil Engineering (AFCE) is
to provide the necessary assets and skilled personnel to
prepare and sustain global installations as stationary
platforms for the projection of aerospace power in peace
and war® (8:IMC 83-2). The design section fits into the
misgion by designing projects for completion by contract,
and overseeing designs done by architect-engineer (AE)
firms or the Army Corpa of Engineers (COE). In addition to
design, there are additional duties as assigned. Thesge
dutiez can be best characterized as serving the function of
ataff engineers, for not only AFCE, but for the rest of the
chain of command as well. The design section has a
multitude of studies, reports, suggestions and programs to
deal with at any one time.

"The base civil engineer managea or otherwige
administers gsome 40 to 60 percent of most installations
operations and maintenance (O&M) budget" (17:53). In
addition, approximately 15 percent of the O&M budget for

the Air Force goeg through AFCE in the form of completed




designs ready for contracting (35:ch A). The impact the
design section has on the base is enormous. Thia impact can
be either positive or negative. Each project completed
affects both the work environment and the ability to
perform the migsion. Likewige, each needed project left out
will hinder the accomplishment of the mission. The rest of
AFCE algso benefits from good designg, in that required

maintenance is reduced.

Research Problem Statement

A performance measurement model needs to be developed
and tested for the engineering design aection. Although
several attemptz have been made, the results to date have
not been totally successful. One way of approaching the
problem of measuring performance in design would be to find
a design section that had developed and used a performance
meagurement system on their own.

One such design section exiasts at Tinker Air Force
Bage (AFB), Oklahoma. This thesgis investigated and
evaluated the system of performance measurement that Tinker

AFB’'s design section has been using.

Objectives

Primary Objective. The primary objective of this

study wag to investigate and document the performance

measurement system in usze in the desgign section at Tinker




AFB. This included documenting the development and
implementation of the system as well as how it has actually
been used. Part of this documentation included an
investigation of the validity of the system. Finally, the
system’'s effectivenegs in improving performance was
investigated.

Secondary Objective. The second objective was to

compare the performance measurement system uszed in Tinker
AFB’s deszign section to the recommendations of the experts

aa presented in the literature review.

Scope

This atudy focused on documentation of the performance
measurement gsystem as ugsed by the design section at Tinker
AFB. This required an investigation into the
recommendationa of the experts about how a performance
measurement system should be designed and used. However,
thigs is not to say that a better system or an alternative
proposal should be developed from the literature review.

The literature review ig only intended to provide a basis

of comparison for the system to be studied.

Limitations

There are two sources of limitation that enter this
theais. First, the performance measurement system being

studied waas designed by, and for the use of, the management




0f the design section of Tinker AFB. Therefore, it may not
fit the suggestions of the experts exactly. This wag one
of the areas of investigation.

Second, because this is a case study, the knowledge
gained may not universally fit other design sectiong. The
peculiarities of Tinker AFB's deaign section may make the
model unusable or only partially usable by another desgign

section.

Methodology

This thesis was performed in three parts: literature
review, casge study, and analysis. In the literature review
bagic background wasg gained. From this background a model
for comparison was developed. This included not only the
bagic requirements of a measurement system but the
development and implementation of a system, and specific
work related to the AFCE desgign section that had been done
by past researchers. This model became a point for
comparison.

The gecond step was to actually perform the case
gstudy. A case study was used because, although several
atudiea have focused on what could be done in AFCE, no
gtudiea have been done about what ig presently being uzed
in AFCE. This left a gap between the academic research and
the existing aystems used by deszign sections. One of the

benefits of a case study is that it allows for more




flexibility in data collection. This allows the researcher
to mold the atudy to fit unexpected conditionz that may be
encountered in the field. This flexibility allowed the
research to readily explore the existing measurement
gystem. Thia wag necessary because of the sgmall amount of
information available about the existing system. This made
the usze of any other research tool impractical.

Another good reagon for the use of a casze study iz to
document information that is unique or not previously
available to researchers (37:18). The data under
investigation fits this last category because it deals
specifically with what exists in AFCE. As previously
stated, several studies have been done about what was
available for use, and several models have been developed.
However, not much study has been done about what is in use.
This study provides that unique information by documenting
a system that is2 in use in AFCE. Another purpose of a casge
study i8 to generate hypotheseas. This would be helpful in
bridging the gap between what has been done academically
and what exists in AFCE (37:18).

The case study focuses on three areas. First, the
reason the measurement gsystem wasg developed, and how it wa=s
developed, were determined. Second, the system itszelf was
documented. Thia documentation focusesz on the system
organization and development and includes how it is

actually used. Finally, this study determined how well the




system has been able to meet the needs of the management of
the organization.

The final step in this theais was to compare the
features of succeasful performance measurement models
discuagsed in the literature review with the system used at
Tinker AFB, as documgnted in the case study. This
comparison focuses on the validity of the system under
investigation. This includes technical validity,
organizational validity and use. Technical validity refers
to "measgsuring what the model purports to measure” (26:153).
Rumgey (24:33) distinguishes between technical validity of
the model and technical validity ot the organizational
model, which “is a function of such concepts as easge of
measurement, selection of appropriate variablea and
reliability/validity ot the underlying variables" (24:33).
° Organizational validity refers to the acceptability of
the model to organizational usere® (26:1853). The final test
wag how well the model was used to improve performance.

To saummarize, thigs thesis inveastigated the
performance measurement gystem in use at Tinker AFB and
compared it to the recommendationa of the literature
available. The comparigon focused specifically on the
validity of the system. Recommendations were made about how

the validity and usefulneszs of the system can be improved.




Jugstification

There are at least three good reasgsons to test the
model in use at Tinker AFB. The first reason is the need to
improve performance. This need drives us to measure
performance. The gecond reason iz that AFCE has no proven
succegssful model of performance for the design section.

The only way to get a successful model is to keep trying.
Since Tinker AFB already has a model, it only stands to
reason that it should be evaluated. This will also provide
future researchers information which might allow them to
bridge the gap between what was done at Tinker AFB and what
ia recommended by the literature.

The last reason to teat this model is2 that it is part
of a deasign achedule program developed at Tinker AFB for
the Wang computer and the work information management
(WIMz2) gsoftware. This computer system is in the process of
being inastalled at every major Air Force bage in the
continental United States. Thig design schedule program is
already in the procesas of being distributed and implemented
at other bases, because developing a design schedule seems
to have been a high priority and a difficult task for AFCE
desgsign gsections for many years. If this program gains
acceptance and recognition at those other basges it could be
implemented throughout AFCE as part of the WIMs gsoftware
for the Wang computer system. If the performance

measurement part of this program is good, it should be




implemented at other bases. If the performance measurement
part of this program is technically incorrect, it should be
remedied.

The possibility exists that this research could bring
forth a usable gsystem of performance measurement for the
degign section. Such a system could greatly benefit Air

Force Civil Engineering.




II. Literature Review

Introduction

The literature review was intended to explore, develop
and explain what a performance improvement program ias and
can be. This review startzs on a very broad bage, explaining
the importance of performance and productivity. The next
step ig to present the basics of a performance improvement
program. This explanation will include the need for
improvement, definitiona, program effectivenezs, socurce of
improvements, measurement system development and design,and
validity.

Finally the literature review explains specific
aspectg of public sector, Air Force, white collar, and
engineering productivity. This effectively breaks the
literature review into two parts: mechanics and people.
Both of these aspect2 are presented starting with the broad

cagze and moving to the more narrow focus.

Need for Improvement

"The tailure of U.S. productivity to keep up with the
Japanege and the rest of the world's major industrialized
nationa ig a growing national concern. Our national leaders

have astated that the economic aurvival of our factories,




our standard of living, and ultimately the survival of our
economic, political, and governmental systems could be at
stake” (10:683). Others differ glightly, saying, "The
United States has been, and continues to be, the mosat
productive nation in the world" (28:5). However, there are
nationa that are gaining fast. This gain by other nations
translates to a relative decrease in our standard of
living, and an increase in the gaining nations' standards
(28:5). Either way, the experts agree that our nation’'s
standard of living is at stake.

The Federal Government is concerned about its
performance algso. This stems not only from the national
interest in productivity, but also from budgetary
constraints. At a time when we're looking for ways to
reduce the government spending and curb the deficit, it
only makes sense to encourage productivity which will save
the taxpayer's money by making the government more
efticient® (19:146). This was reflected when the President
isgsued Executive Order 128352 on 28 February 16886. This
order mandates a 20 percent increasge in productivity by
1992. °"The program has the twin goals of achieving
substantial improvements in government efficiency and of
changing the way managers manage--and thus makes it clear
that managers must engage in systematic and continuing

efforta to improve productivity™ (9:282).

10




The need for improving the performance of the design
gsection of Air Force Civil engineering (AFCE) is driven by
at least two other major concerng to the United States Air
Force. The tirst concern is centered around the miassion of
the design gsection, which is to deaign projects for new
congtruction and renovation, for completion by contract or
in house forces. The design section is constantly being
tasked to do more, yet the design budget often doea not
increase enough to cover the task. By improving the
performance of the design section, the mission of
completing more projects on a restricted budget will be met
more effectively. The dcm&nd for performance comes in a
time of real budget decrease, while confronted with
increased need (35:a-21). The design section’s primary
objective 18 to accomplish more with less.

The second concern ia the national view that the
federal government is not able to manage efficiently.
Although little can be done to convince critica, a valid
performance measurement gsystem could be helpful in zwaying

the public’'s views, if it could “measurably demonstrate

that the government is being efficiently managed" (9:253).

In the November 1983 GAO (General
Accounting Office) report entitled Increased Usze
of Productivity Management Can Help Control
Government Costs, and in a subsequent article
published in the epring 1984 National
Productivity Review , Peter Lemonias and Brian
Usilaner argue convincingly that seven key
elements, culled from both public- and private-

11




sector practices are essential for an effective
productivity effort. These elements are:

1. A manager aerving as a focal point for
productivity in the organization:

2. Top level support and commitment;

J. Written productivity objectives and
goalas and an organization wide productivity plan:

4. Productivity measures that are
meaningful to the organization:

5. Use of the productivity plan and
measurement system to hold managers accountable:

6. Awareness throughout the organization ot
productivity’'s importance and involvement of the
employeesg in the productivity effort; and

7. An ongoing activity to regularly
identity productivity problems and opportunities
for improvement throughout the organization
(0:284) .

Buried in the middle of the above list is one of
the things that makez performance improvement systems
different from what managers did in the paat: the
performance measures. Without a performance measurement
gystem, there is little or no way to tell how some
management decision affected performance. After all, ‘you
cannot manage what you cannot measure” (12:17).
"Productivity measurement iz an essential element of an
effective productivity improvement effort. The measures
need not be precise, total factor measures. Often, a series
of measures that are easy to understand and calculate and
that are meaningful to managers and employees is more
ugseful”® (19:147). Improved performance is one of the things
that managers have been working to achieve since the
beginning of scientific management. The improvement of

performance relies on old and proven management principles.

12




The only real difference is that now instead of simply
trying to manage, managers are becoming interested in
directly managing performance. Before the implementation
of productivity programs, productivity was an outcome of
management, but the quest for productivity was far less

organized.

Definitionsa

In much of the literature the word productivity and
performance are not well defined. For inatance, the terms
performance and productivity are often used
interchangeably. Performance is a more general term that
does not carry with it the emotional appeal engendered by
the term productivity. When diascusaing performance one must
define the aspects of performance that are deemed most
eagential.

The general aspects of performance that are measured
congist of quality, effectiveness, efficiency, quality of
work life, innovation, and productivity. Some or all of

these things may be important to the survival of an

organization (28:41).

Quality. Quality is the degree to which the products
produced conform to requirements, specifications, or
expectations. Customer gatisfaction ig inherent in the idea

of quality. Another agpect of quality is product

13




performance; the product must meet the need for which it
wasgs produced.

Effectiveness. Effectiveness is the degree to which

the organization accomplishes what it set out to
accomplish. Measurement of effectiveness often relieas on
other aspects of performance, such as quality, quantity and
timeliness.

Etficiency. Eftficiency is the ratio of the resources
expected to be consumed to the resources actually consumed.
This definition of efficiency reasts on estimates or
expectations which form the basgeline for comparison.

Quality of work life. Quality of work life iz the way
employees respond to sociotechnical aspects of the
organization. Thias is reflected in absenteeism, employee
turnover, and other employee behaviors.

Innovation. 1Innovation is applied creativity.

Innovation is how well the organization develops and
implement2 new and better ideas, as measured in the
relative featuregs of the products produced.

Productivity. Productivity is the ratio of the
quantities of output to the quantities of input.
Productivity is different from efficiency in that it is not

based on any estimates.

14




Program Effectiveness

How effective are performance management systems?

Cagse gstudiea are available of public sector and private
sector sygstems. These studies show that each organization
is different, and the improvements that are pozsible are
also different. According to Lemonias and Usilaner, average
performance improvements of about nine percent annually
have been realized by the companies they interviewed, with
state and local government improvementsz ranging from two to
five percent (19:139).

In Calgary, Canada, the city engineers found
incredible gavings. “In the first year they had a %4
million surplus against an #18.5 million budget. Of this %4
million, one third could be attributed directly to improved
productivity and lower unit costs... (27:142).

The U.S. Copyright Offtice has implemented a
productivity improvement aysztem with excellent results.
Over the last five years they have had "a 23 percent
increase in work load along with a 19 percent decreasge in

staff while achieving a 18 percent increase in

productivity® (23:155).
Stevena found that in an analysis of city government,
"Appropriate changes in management practices can result in

savings of up to or even greater than 850 percent’

(31:398).

18




Sources of Improvement

Where does the added performance come from? It
appearg that performance improvements come from three
areas: mechanical, organizational, and personnel.
Mechanical improvements include any plant or equipment
changea that cause the system to perform better.
Organizational changes are thoae changes in the
organizational structure that make the organization better
capable of supporting the workers in their job performance.
Personnel changes include a multitude of things such as
changes in work methods, rules, regulations, or job
agssignment.

The sources for these changes can come from the
workers and a more participative approach to management, or
from one of a multitude of formal methods of analyaia. The
participative approach wusually stafts when an organization
begins a performance improvement system. The firat step is
often to implement a measurement szyastem. Thig requires
management to evaluate the reasons for being in business.
The mission usually comes 1nto‘tocus. A multitude of
activitiea are identified as not being migasion essential.

A mpecific, formal method of identifying what is and
is not important is organizational analysis (36:171) or

organization function analysis (OFA) (5). Both of these

16




methods are very similar OFA will be outlined here because
a more in-depth presentation is available.

The firat atep in the OAF process is to secure the
total commitment of upper management (S:ch 9). For this
system to really work upper management must demonstrate a
real willingness to change, to challenge traditional
practices and lead others to do the same. Thig starts with
a senior management training program that usually takesg a
full day. Another day is then devoted to program planning.
This planning includes objectives, scope, participation,
schedule, and the method of communication to be used. The
program ghould be as broad as practical and designed for
long-~term change. Short term perceptions should be
eliminated, because they will limit the program too much.

The first step in determining the scope is to
determine what functions should be involved. After the
program scope is8 determined, the OFA team can be selected.
Volunteers should not be accepted. Team members sghould be
golicited from the functions involved, not to be

repregentatives, but to add breadth of knowledge. Different

experience levelg should also be included: the very new,

and the very experienced. Team members should be resgspected
by management and their own peers. The last, and possibly
most important, criteria is attitude. The members selected

muat have a consgtructive attitude, and a genuine desire to

17




work with others to improve productivity. The size of the
team will vary, but for a typical AFCE sgquadron of about
550 people, a team of about 20 members ghould be selected.

The next step is to train the team. This should
include 20 to 30 hours of formal instruction in OFA. Good -
training is absolutely vital to the success of any
participative management program. After the team is
trained, a plan must be developed for information
gathering. This plan should be specific enough to include
who will actually be interviewed. The people that perform
each operation in the work place =should be interviewed. The
purposgse ig to gather information about what actually takesz
place, rather than what the manual or the sgupervisor gaya
ia supposed to happen.

The team will then divide the interviews down into
areas of work similarity, called modules. Then the OFA team
will form two-man groups; each group will take one module.
The interviews should determine quantitative and
qualitative data about the job. The quantitative data
ghould include demand volumes, hours of effort involved per
month, cycle times, and expensesg. The qualitative data
ghould include specific observations, suggestions and
recommendations.

The next phase is information analysis (5:ch 10).
During this phase there are three key functiona. The first

function i to maintain the maater list of definitions of

18
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functions, demands, and demand volumes. Thesge lists are
updated constantly asg data is analyzed.

The second key function is to coordinate and maintain
analysis summary sheetz. This is the final collection of
quantitative knowledge. First, all of the data gathered is
trangferred onto operation summary sheets. These sheetsz
briefly tell who does what, why they do it, how often, and
how long it takes. The operation summary sheets then are
used as source information to fill out the function summary
sheets. These sheetz tally all of the information about any
given function. The laat step iz to till out OFA pratio
summary sheeta. These sheets give all of the pertinent data
about each given function.

The third part of OFA is taking the key observations
that were made during the information gathering and
processing stages, condensing the observations into one
line statements and sorting them by function. Finally a
function flow diagram is developed. This diagram shows how
work actually flows in the organization.

The next atep iz evaluation and improvement

identification (S:ch 11). In this step the team tries to
evaluate the information and determine what it really
meang. The team then develops gclutions and methods of
improvement. This is done by starting with each demand the

organization facea, and then each function that answers
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that demand, and then each operation. In all of these

steps, the same type of questions are asked:

1. Iz the demand valid and what effect does it have?
2. Iz there a better way of doing it?
3. Can we reorganize to better meet theae needs?

After the analysis has been done, the recommendations
are gathered into a report and forwarded to top management.
These recommendations are then modified as necessary, and a
plan for implementation is developed.

Some other methods are less formal: Bolte recommended
a gimilar approach to essential taak identification. He
recommended that managers ask in relation to each activity,
"Should this task be done at all?" (3:136). If the answer
ign't adequate, the activity is eliminated. The other part
of this process, Bolte suggests, includes getting the right
person to accomplish the right job. In addition, areas
that need other improvements usually surface at this time.
Rules need changed. Equipment needs replaced, or
purchased.

In addition to the benefits received from using
improved work techniques, the individual performance of
employees may improve. A gsense of competition may promote
this improvement, or in the private sector, monetary
incentives are often used. Another posgibility that was not

mentioned by any of the authoras, is the "Hawthorne eftfect’

20




(6:209), in which workers improve performance simply
because they are being watched.

Performance improvement comes from both improved
methods of work and improved employee performance. Sheehy
concluded that "the potential for improvement (in
performance) tends to increase exponentially the further
ftrom the shop floor and into the management system one
probes... " (27:144). There are great possibilities for
improvement and the posgsibilities increase the further up
the chain of command they are implemented. However, before
performance improvement can begin, commitment to improve

performance must be obtained and measurement should start.

Typea of Measurement Systems

Most measurement systems claim to, or say that
they, measure specific areas of performance. However,
because of the weak definitionsg incorporated, the systems
often include many performance measures.

Sink describes productivity measgsures as ratios of
output over i‘nput. He further breaks these ratioz into two
brocad categories based on the type and quantity of measures
ugsed. The first category is whether the measure is static
or dynamic. Static productivity ratios are simply output

divided by input for gsome given period of time. Dynamic
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measures are basically static measures of one time frame
divided by static measures from another time frame(28:26).

There are three types of productivity measure in each
ot the above categories; partial-tactor, multi-factor, and
total tfactor. Each of the measurea is a ratio; however, the
denominators (inputs) are different. In partial-factor
analysis, only one input is used in the ratio. In multi-
factor analysis more than one type of input is used and in
total-factor analysis all of the system inputs are used
(28:26).

Another important area ias that of surrogate measures.
Surrogate measures are taken from areas that are clozely
correlated with the types of measurements that are actually
deaired. These are usually used when direct measurements
are unavailable. Surrogate measures are frequently used for
white collar workers.

Sink recommends, for use at the level under study
here, either the normative performance/productivity
meagurement method (NP/PMM) or the multi-criteria
performance/ productivity measurement technique (MCP/PMT)
(29:282). NP/PMM is mostly a method of developing
performance/productivity measures uging a structured group
process auch ags the nominal group technique or the Delphi
method. This assures the consengsus of the workers. NP/PMM

involves 5 stages.
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Stage one involves structured group process generating
a group of prioritized productivity measures, ratios and
indicatora. The reason for using a participative approach
is to “ensure adequate motivation, commitment, and
accountability on the part of key participants for
implementation and acceptance of the resultant productivity
measurement system® (20:275).

Stage two involvea having a productivity analyat take
the information from stage one and determine how to
implement the measures suggested. The analyst also
determines how and where to obtain the data. After the
analyst works on the measures, the group helps shape them
into a usable zystem.

Stage three involves briefing the management and
workers about the system. These briefings invite comment
and discusgsion. After the briefings any necessary
modificationa are made before the system is actually
approved.

Stage four involves integrating the system with any

exigting management control systems, and actual

implementation and use.

Stage five ia continuous monitoring of the final
syatem. This provides feedback for performance improvement
ag well as system modification. In addition, thig lends

credibility to the performance improvement program.
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There are drawbacks to this method. Sink said,
“However, difficulties in operationalizing measurement
systems that have origins in a participative process
hindered early efforts. The question of how to evaluate
performance against a lisat of measures that ias highly
heterogeneous became critical to continued development. The
MCP/PMT overcomea these difficulties” (28:276).

MCP/PMT iz similar to NP/PMM, except that it adds a
more structured approach to implementing the meaaufes. This
approach allows the aggregating of multiple, heterogeneous
measureg into a common output.

There are other very structured methods for developing
productivity measurea, most of which fit into one of Sink's
broad categories. The methodology for generating
efficiency and effectiveness measures (MGEEM), developed by
the Air Force Human Resources Laboratory, is one of these
systems and could be categorized as an MCP/PMT system.
MGEEM ig detailed enough to be used by nearly anyone with a
good understanding of the organization to be measured.
MGEEM starts by forming a group from the organization’s
upper management, who then use a group process to define
the measurable facets of the misaion of the organization
under atudy. These goala, called key reault areaasa (KRA'sa)
are then passed to another group from middle management.
This group then develops specific indicators, or areas to

be measured. These measures are then implemented and
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feedback started. MGEEM also includes information on
problem solving, riaks, pitfalls, fears and some examples
(33) .

Another valuable tool for helping to develop a
measuremeng syatem is to look at the organization with a
eystems approach. This can help develop measures by
clarifying the inputs and outputas (18:32:;34:213). All of
these approaches involve the worker in choosing the items
to be measured. Involving the worker is important to

agsuring organizational validity.

Measurement System Design Basgics

Getting the employees involved in designing the
measgsurement system may be the most important step in
implementing a performance improvement system. If the
employees are not convinced that the meagsurement system i=s
valid, then no effort will really be successful in
implementing that system. In addition to fostering
organizational validity, getting the employees involved

also causes them to focus on performance. Thia often causes

them to improve their own performance and bring to
attention hindrances to performance that exist in the
syatem.

It appears, from the number of times mentioned in the

literature by authors gsuch as Sink, Lemonias and Usilaner,
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and, Bolte, that the three most important parts in the
development of a performance measurement system are top
management support, user acceptance, and simplicity of use.
Top management support is egsential or the people will
gimply not see the need to be involved in the program. This
management support helps foster an organizational climate
of performance improvement. Furthermore, 1f top
management is not committed to productivity improvement and
meagsurement, any time spent on system development will
probably be wasted.

User acceptance can be fostered in many ways. Without
user acceptance the system will never work well, because
the system will inevitably require inputs from the
employees. If the employees do not accept the system, those
inputs may not be provided or may be inaccurate. In
addition to szimply accepting the measzurement ayatem, the
ugers need to accept the idea of performance improvement.

Simplicity is a relative thing. The users need to be
able to understand what ia being measured and why. In
addition, they need to underatand the results, and how to
affect changes in those results.

After a good performance measurement system is
designed, the organization can atart focusing on what can
be done to improve performance. During the improvement
stage, workers and managers are often given added training.

This training may be a refresher in, or continuation of
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that training the organization normally gives, or it could
be new techniques in management, or problem solving from
some asource outside of the organization.

Often, a management action team is formed to solve
problema. If this is the case, these people are given
special problem solving training, and training in
analytical techniques (3:136).

The last step is follow-through. A performance
improvement system needs constant monitoring in order to
provide management the inputs necessary to keep performance
improving. If the system is2 not maintained and uszed, it i=s

ugeless.

Public Sector Productivity

The general public opinion of the government ig that
it is not ags efficient as it should be (9:253). Almost
everyone agreez2 that part of the reagon iz that the
government has too much red tape. In many ways, it appears
that government in general, and the federal government
specifically, needs performance improvement programs to
keep from stagnating and becoming too encumbered with
excess rules and regulations.

In the private sector the inefficient companies go out
of bugineas. If a company becomes unproductive, it

probably will be warned when the profits go down. If that
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company fails to react in a timely and appropriate manner,
then its early demise ig nearly assured. Government has no
simple items like profit, or products produced per man-
hour, to watch. In the private sector companies are in
direct competition with each other. This competition is .
often lacking in the federal government (22:14). Instead,
it would appear that other methods must be developed to
provide the same type of information. One could gauge how
the federal government is doing by how much one gets
compared to how much tax one pays. But that would give too
many opiniong <.r. are dependent on too many factors. So
the governmeni., unlike private induatry, finds itsel?
without a convenient method of determining organizational
performance. This can be remedied with a performance
improvement system.

Often an organization could reap great benefits from
just designing a performance megsurement syatem, even if it
were never implemented. Because, when a performance
measurement system is designed, it causes people to look at
priorities and management basics. This design process
causes management to idontify unnecessary work. When the
system is implemented and people start looking past the
obvious for ways to improve, then less obvious
inefficiencies start to be identified. This processa is °
necesgary in any organization, but even more a0 in an

organization aa prone to picking up excess rules and
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procedures as the federal government. Once the system of
productivity measurement is in place, and the major
problems have been worked out, people can continue to
search for areag to improve. The engineering department of
the city of Calgary, Canada, found that this aearch for
improvement can go all the way to the °‘very bedrock of the
organizational astructure’ (27:144).

Once all the problems have been worked out, it is
expected that competition with other organizations, or past
history, will keep the inefficiencies from building back
up. However, this has never been zhown, because no one has
ever really gotten all the way to the end. Nor does this
author believe the end will ever be reached, because this
is a procesa that needs to continue. Once the performance
improvement system is in place and has the support it
needs, then it becomes a perpetual self cleaning process
(9:256). Removing unnecessary hindrances and regulations
is a process that is vital and necessary for any

organization to survive, and thrive, especially government.

USAF Productivity Programs

The United States Air Force has at least two major
programa on productivity improvement. One that has already
been mentioned is MAEEM, and it is available as a resource

upon request (33). Another, used by the Tactical Air
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Command (TAC) is the PEER competition (30).

MAQEEM gpecializes in unique individual development of
performance measurement systema. It includez a series of
pamphlets that aid in the development of such systemg using
a modified MCP/PMT as described earlier. This has been
especially developed to take care of some of the unique
problema encountered in the USAF (33).

The PEER competition used by TAC is something that an
outaside contractor was hired to develop. The contractor
produced a few performance measurea for each organization
on base. Each base in TAC is rated using these measures.
Between 1978 and 1984 TAC improved the sortie rate and in
gervice aircraft rate by 80 percent. General Creech, then
Commander of TAC, attributed that improvement to
eliminating performance barriers by decentralization, and
to competition between units (22:14). Brigadier General Roy
M. Goodwin, Deputy Chiet of Staff for Engineering and
Services for TAC, said that two-thirde of the indicators
presently being measured are increasing. The bases that
have consistently poor performance on any one of the
indicators get looked at carefully, and usually have some
problem that gets solved because of this attention. In this
way the PEERS competition allowa the command structure to
identity problem areas, and alsao to highlight strengths (11).

Baumgartel and Johnaon attempted to measire the

performance of base-level AFCE, based on goal attainment. A
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model was developed using inputs and outputs available in
the base engineering automated management aystem (BEAMS)
and the command update. However, they found that more
regsearch would need to be done to get output measures to
reflect goal attainment, because, although specific input
data was available, the szame was not true of the output

data (2). The output data could not be tied directly to one

specific goal. This model identified seven main goals for
the engineering and environmental planning branch, with 18
sub-goals. They noted that, in most cases, the goals were
not specific enough to allow direct measurement. The goals
identified for the Engineering and Environmental Planning

Branch include the following (2:81-83):

Goal #1--Facility Life Cycle Cost

A. Identify and program MCP projects, and monitor
approval, design and conatruction phasea to ensure
maximum durability and maintainability of accepted
tfacilities.

B. Ensure in-house deasign compliez with AFM 88-18 and
applicable building codes.

Goal #2--Facility Function

A. Engure new construction projects are identified and
programmed in a timely manner, and are designed and
located in accordance with the user’'s requirements.

B. Identify and program contract corrections to

facilitiesa which are functionally inadequate
for miggsion requirements.
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Goal #3--Facility Protection

A. Enaure corrective contract actions for identified
facility tire, zafety, and security deficienciez are

programmed, dezigned, and completed in a timely
manner.

B. Engure new contract work compliea with regional
requirements for structural protection againat
weather and earthquake-related forces.

Goal #4--Utility and Energy Supply and Conservation

A. Complete engineering analyses of exisgting and
programmed utility supply and distribution systems
to identify inadequate supply or ineftficient
operatione.

B. Engsure new facilities are designed and congtructed to
minimize energy consumption.

C. Complete engineering analyses of existing facilities

to identity sources of energy waate, and program
projecta to correct deficiencies identified.

Goal #5--Environmental Protection and Conservation

A. Engsure facility projects are asseszsed for adverse
environmental impact prior to programming.

B. Include environmental impact conaiderations during

master planning actiona, to minimize adverze impact
due to giting.

c. Ensure control, handling and disposgal of hazardous
substances and waste producta comply with EPA
standardsa.

D. Ensure that construction practices comply with EPA
standards.

Goal #6--Facility Occupant/User Requirements

A. Complete architectural studies of facilities to
identify inadequate aesthetic conditions and facility
deficiencies contributing to occupant discomtort.

B. Ensure designed projects comply with applicable life
safety and public health code requirements.
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C. Ensure identified facility life safety and health
code deficiencies requiring contract corrective
action are programmed, desgigned, and completed in a
timely manner.

D. Identify, program and gpecify custodial contracts

required for base facilities and ensure contractor
compliance with the contractual requirements.

Goal #7--Other Non-facility Requirements

A. Provide professional architectural and engineering
asgistance to operations branch and to other
organizations as required.

Kaneda and Wallet extended the research done by
Baumgartel and Johnson, and developed ratios to be
measured. These ratios were teasted by survey to determine
their usefulness. Six of the ratios were determined to be
ugeful in measuring performance in the design section. In
addition, the survey resaults revealed that although AFCE
managerg saw the need to measure performance, they were
opposed to the idea of an imposed gsystem. AFCE managers
made it clear from the results that they wanted any
measurement to astay at the organizational level. The gysgtem
needed to be flexible 8o that it could be tailored to
individual needs. Kaneda and Wallett algso warned that
comparing design sectiong would not be advisable and that

the productivity measures muat be a means to improve
management rather than enda in themselvesgs® (17:78). The

ratios developed were (17:63):
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Total estimated dollar amount of contract projects and
in-house work orders designed divided by total design
man-hours.

Total number of projects designed (complete and ready for
acquisition action) divided by total design man-hours.

Total number of facility inspectiona and utility system
surveys completed divided by total man-hours to complete
surveys and inapections.

Total eastimated dollar amount of AE design acquiszition
packagea prepared divided by the total man-hours to
prepare.
Total estimated dollar amount of contract projects and in-
house work orders deaigned divided by total design labor
cost.
Total number of projects desgsigned (complete and ready for
acquiajition action) divided by total deaign labor cosat.
Agstin and Ruff developed a model to compare one design
section with another using constrained facet analysia (CFA)
(1). "Constrained Facet Analysis is a linear programming
model designed to evaluate the relative productivity-- or
efficiency-- of a number of organizations which are all
producing different combinations of outputs using different
combinations of the same inputs. It is theoretically
attractive because it accomplishes the determination of the
relative efficiency of organizationg with no need for a
priori evaluations of the relative weights or values of the
various resourcesg consumed and outputs produced. The model
determinesg these efficiencies based =2o0lely on the actual

data representing the input and output quantities” (24:1).

This model used gix input measures and 20 output measures

34




based on gsome of the work of Kaneda and Wallet. This model
only tested CFA’'s ability to distinguish the high
performance sections from others with lezsger performance.
Astin and Ruff’'s model auccessfully ashowed that CFA could
digtinguish performance differences as expected. The

measures developed are ag follows (1:39-41):

INPUTS

1. Labor man-hours.

2. Labor cosats.

3. ‘Years experience.

4. Perzonnel 2kill level aggregate.

5. Number of professional education courses completed.
6. One over the number of additional duties performed.
OUTPUTS

1. Total contract funds obligated.

2. Eatimated dollar amount of all projecta deaigned.
3. Total O&XM maintenance and repair project funds
obligated. )

4. Total O&M minor construction funds obligated.

5. Total number of projects deaigned.

6. Total number of facility inspectiona and surveys
completed.

7. Total number ot special technical studies and reports
completed.

8. One over the total funds expenged on contract change
orders.

9. One over the number of contract change orders.

10. Total estimated dollar amount of in-house work orders
degsigned.

11. Total estimated dollar amount of architect-engineer
packages prepared.

12. Total A-E funde obligated.

13. Estimated dollar amount of MCP project books.

14. Number of work orders reviewed and/or evaluated.

15. Number of technical reviews accomplished on designed
projects.

16. Pages of project specifications.

17. Total number of oral presentations made.

18. Number of facility surveya completed.

19. Total hours of surveyz completed.

20. Number of pages of engineering drawings completed.
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In a dissertation in 1986, Rumsey developed and tested

the technical validity of a similar model using CFA.

However, he found that the results were less than favorable

(24) . The measures Rumsey used were the following (24:69):

INPUTS

1. Military engineers assigned.

2. Civilian engineera aassigned.

3. Other military assigned.

4. Other civilians asaigned.

5. Total years experience.

8. Peraonnel gkill level.

OUTPUTS

1. Total contract funds obligated.

2. Estimated value of project designs completed.

3. Total O%M maintenance and repair project funds
obligated.

4. Total number of design projects completed.

8. Total cost of contract change orders.

6. Total number of contract change orders designed
during this period.

7. Total estimated dollar amount of in-housze work ordere
degigned during thias period.

8. Eatimated value of architect-engineer
packages completed during thia period.

9. Egtimated value of MCP project books completed during
this period.

10. Number of work orderszs reviewed.

11. Number of technical reviewas completed on design

projects.

White Collar Productivity

Bumbarger takes exception to the use of the term white

collar; he preters to look at the amount of knowledge work

done by the worker (5:8). For this work, white collar

workers will be g8imply defined as those.who do almoat

entirely knowledge work.
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Some claim white collar productivity cannot be
measured (4:47). Bolte said that this is not true. "All
administrative areas produce a specific end product or
gervice that can be measured” (4:47). The question is one
of accuracy, and willingness to expend the necessary effort
to develop a method of measure.

It is true, however, that the measurement of white
collar productivity is not nearly as straight forward as
blue collar productivity. One of the problems for white
collar areas is that “statistical techniques commonly used
by industrial engineering or in quality circlea require
quantitative data, which is not easily developed in
profesasional or administrative positions” (13:288). Kinlaw
concluded ‘it is also apparent that development of models
and technical desgcriptiona of measures for complex white
collar organizations (e.g., scientific and engineering) is
gtill in the formative stage” (18:30).

One of the problems is that white collar workers
generally have more than one output, and the outputs often

compete directly for organizational resource. @Generally,

the problem is that the inputg and outputs are not as
readily recognized. Yet, with some work, that too can be
overcome and is addregsed specifically by many of the

measurement system development techniques like MGEEM.
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One of the ways of defining input and outputs is to
look at the organization with a systems perapective. By
defining boundaries around the system, recognition of
inputa and outputs becomes easgsier. Inputs and outputs have
to actually cross the boundaries.

Tuttle and Romanowski divided white collar workers
into two groups, direct outcome and indirect outcome. “In a
direct outcome system, there is a direct, high probability
relationship between the output and the outcome”™ (34:214).
Clerks might fit in the direct outcome category; however,
engineera fit in the indirect outcome category. This means
that even though an engineer is efficiently using his
resourcea, and i2 being productive with his time, he could
gtill fail to meet organizational goalz, and therefore be

ineftfective.

Engineering Productivity

In a study of productivity measurement for research
and development engineers, Schainblatt concluded, “There
are no currently used systems for measuring the
productivity of'scionti!ic and engineering groups without
substantial flaws. Nor does the literature on productivity
measurement offer encouragement that suitable aystems will
soon be available” (25:10). If measuring the productivity
of research and development (R&D) functions is an

underdeveloped field, deaign engineering may be even more
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go. The literature contains great quantities of information
on productivity, large amounts of information on white
collar productivity and some information about
professionals. However, outside of the few articles about
R&D, there is only occasional mention of engineering.
Unfortunately, the information about R&D is not very
applicable to AFCE.

By definition most engineers are white collar workers.
Thus, most of what was said about white collar workers may
apply here also. There are gsome peculiarities about
engineering that make things different. The firat
difference iz a very strong resistance among engineers to
performance measurement (18:32). Thisgs stemz from the
nature of the w@rk. Another difference is that the most
important measurement for engineering is effectiveness (3).
That is to say, meeting organizational goals.
Unfortunately, effectiveness can be hard to measure. This
is especially true in the design section, where one of the
goalas is to have a design work well when construction is

finighed; yet, there may be many years between design and

completion of the construction. In light of the difficulty
in measuring effectiveness, many managers have settled for
something elze--often, gomething like meeting a schedule.
This can conflict with the engineers’ gense of

professional ethics, if they sees this as forcing low
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quality or possibly unsafe work to be released just to meet
a schedule.

If the performance of engineers is truly to be
meagsured, gsome method of meaauring effectiveness needs to
be developed firat, and maintained as the primary measure.
"In this type of syatem (indirect outcome), the most
relevant factors are, at least initially, effectiveness and
quality. Only after it has been demonstrated that the
correct outputs, of appropriate quality, are being produced
should effortas be focugzed on improvements in productivity
and efficiency (34:218).°

Another important area for engineering is simply
eliminating unnecessary work. Often a company can get

clerks or technicians to do the work, or simply remove the

work altogether.

Summar

Productivity improvement is important to the nation.
The federal government iz no exception to this need.
Productivity improvement syastems require several things.
These requirements are.a management focal point, top level
support and commitment, a written plan with objectives and
goals, a meaningful performance measurement ayatem, use of
the plan to hold managers accountable, awareness of the
importance of productivity, and ongoing problem

identification and golution. A lack in any of these areas
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will lessen the capabilities of the performance improvement
system.

The three most important parta of a productivity
improvement program are management commitment, a good
measurement system, and follow-through. Without management
commitment to change, there will be no system. Follow-
through is necessary to retain any improvementsg, and a good
measurement sygstem igs vitally important.

The measurement system must be accurate in its
aggseszsment of productivity and needs to be trusted by the
employees. If the employees don’'t trust the system, it
will probably not succeed. However, the performance
measurement gsystem need not be perfect.

There are no eagy victories, or inatant aucceasez in
thia buginezs. The improvements in productivity come from
the application of good sound management practices. The
difference between performance improvement systems and
other management methods is that with a measurement system
and a focus on performance, people can intelligently work

toward the improvement of organizational performance.

Performance improvements come from several sources.
Firgt, as people focus on the mission of their
organization, they eliminate or place less emphasis on

certain tasks. Improved management practices also boost
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performance. After all of that, people may simply work
harder because of the interest given to performance.

The performance of white collar workers is hard to
measure, and an engineer’'s performance is even harder to
meaaure. The things that are the most important in order
to successfully measure performance of engineers are
effectiveness, quantity, quality, and value.

Performance improvement igs a lot of work and comes

with risks. To effectively improve performance, management

must be committed to change. They must algo be willing to

commit the effort needed to get and maintain that change.
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II1. Case Study

Management Environment

Tinker AFB is an Air Logistics Center (ALC) and part of
the Air Force Logistics Command (AFLC). As such it is by
nature a very large base, with a total population in excess
of 25,000 employees (35:c-30). The engineering desgign
gsection has been broken into two parts. One serves only the
ALC maintenance function; the other gerves the normal
function of a design section, gerving the rest of the base.
This study pertains only to the design section serving the
main base, the more typical desgsign function.

The design section has at least three main functions:
deaign, staff support for management, and engineering
support for AFCE maintenance functions. Design 1is the
primary reason for the existence of the design section.
Design can be accomplished one of three waysg: in-house,
Architect-Engineer (AE) contract, or the Army Corps# of
Engineera (COE). AE designa still require in-house sgupport
and inspection. AE contracts take approximately 40 percent
of the time that would be used for an in-house design (14).
This time ia spent mostly on inspection of the design. COE
degigns take much less time from the in-house force, but
gtill require the completion of design guidance, and

several design reviews.
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Staff support includeg analysis of guggesgtions for the
Air Force suggestion program, occagional reports, and other
engineering analysis. The support for the AFCE maintenance
function requires more time. This support includes
analysis of various system problems, such as air
conditioning or electrical distribution problema. All of
the utility systems on base require some engineering
gsupport.

The design section at Tinker AFB is astaffed with
approximately 30 engineers and architects to handle thesze
tasks. This statf is divided into groups by specialty,
mechanical, electrical, civil and architectual engineering.
These groups each have an experienced engineer as the group
leader. Each group leader is reaponsible for the
coordination and completion of the work hig group
accomplighes.

Tinker AFB was also a test gsite for the WIMs system.
This system was installed about 1982 and was specifically
designed for AFCE. In addition the design section has just
recently received a computer-aided draftting (CAD) system.
Thig system was purchased by AFLC for each of the bases in
that command. The training for the CAD syatem was still
being provided. Management had decided to uae the training

provided in a rather unusual way, by training the engineers
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first and allowing them to train the draftsmen. This
approach seemed to be working quite well (16).

In addition to the command-purchased equipment, the
design section tried to make adequate use of any classes
available to them. Specifically, they made use of the
claszaes at the Air Force Institute of Technology's School

of Civil Engineering and Services.

Regearch Findings

The system history is very simple. When the design
chief took charge gix yearas ago, no formal system was
passed on. That i® not necessarily to gay that the
previous design chief did not measure productivity, but
that whatever measurement system was used left with him.

Most of the measures were implemented upon the arrival
of the new design chief. There was no formal technique used
to develop thia system; little discussion, outside of
required responses, seems to have taken place.

The system was mostly developed by the design chiet.
There were not any group techniques involved. The system

did not need any group consensus, because the measures were

only intended to keep the design chief informed. The system
has been quite evolutionary in nature, with some measures
being added over time, while others have been tried and

later dropped.
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As in the development, no special effort was made to
aid in implementation. Implementation wasg simply directed
by the design chief. The only resistance he had in any
implementation was when he decided to uase suspense sglips to
monitor all the reaponses required from his section. Each
piece of correspondence that requirea any reaponse at all
ig recorded in this aystem. That way the design chief is

made aware of anything that does not get done on time.

System Presentation

The gection under investigation was chosen because of
a computer program they use that has some performance
measures built into it. This program’s real function is to
produce a design schedule. This computer program forms the
backbone of the performance measurement and control zystem,
but there are other measures used. However, there i2 not a
uniform use or understanding of thosze measures, or of
performance in general. The method of performance
measurement used is8 not really a system. It is more of a
collection of independent measures that function, and are
uged independently.

The gsection under study measures effectiveness,
quality, productivity, and efficiency. Each of these areas
will be degcribed here. Functional definitions as well as
methods of measurement will be given. A brief overview is

shown below.
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Effectiveness

Completion of design schedule
Negative feedback

Backlog of work orders and cost estimates

Efficiency

Design schedule program--Performance against schedule

Productivity

Time sheets

Percentage of time spent on design

Quality/Value

Inapection of work

Effectiveness. Effectiveness was pointed out by the
literature review az the single most important measure for
engineers. Effectiveness is a very difficult thing to
functionally define. The standard definition is meeting
organizational goala. The goal of the design chief waa to
satisfy the chain of command. There are two main priorities
for the design section (14). The first priority is to
degign projects. The required quantity of projects is
variable and set by the major command. This ig done by
somehow combining the information in the Civil Engineering
Contract Reporting System (CECORS) with the command funding

ability for the year. This gives an annual target of total
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estimated contract cost. If that amount of design is done,
the organization met that goal. That goal can be exceeded
if additional designs are completed to take advantage of
any extra money that is made available at the end of the
year.

The second priority is to “stay out of trouble." This
ig not unusual in a military organization, and probably
normal in many other organizationa. This goal iz to do
everything else required, well enough that the commander
does not have problems brought to his attention (14).

Thege things may be trivial or important, but they are all
secondary to design. Although the second goal is hardly
what the literature would recommend, it is functional and
agreed upon by the squadron’s management (14;32).

The squadron commander measured the effectiveneas of
the design section by its ability to meet command design
targeta and take advantage of year-end money. Secondly, he
saw them as effective because there were not any negative
reports about the design section. He did not formally
track any of this information (32).

The squadron commander was quite satigsfied with the
performance of the design section. One other factor that
particularly pleased him waa the ability of the design
gection to take in stride changes to the design schedule

(32). This could be attributed to three things: a flexible
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attitude, good management, and the computer program to
develop design schedules.

The method of measuring effectiveness is not really
what wasg expected. However, it does work for the design
gection chief, and it provides the gamall amount of
refinement he needa to keep control.

The one major item used to asaure effectiveness is the
deaign schedule. This is monitored on a weekly basisz. The
design schedule iz watched closely by the chief of degign
and all of the group leaders, and is the only item reported
outaide of the section.

The other part of the effectiveness measurement system
ig to track work coming and going. All items that come into
the section, that require any response, are given a
suspense glip. Those suspenses are tracked to assure that
the work is eventually completed. In addition, work orders
and cost analyses that require desgign input are tracked
both in quantity and timeliness. High priority work orders
or cost estimates are given a management push; otherwise,

these things are pushed as necessary to keep from
developing too much of a backlog (18).

Efficiency. Efficiency is measured by the

computerized deeign schedule program. This iz done by
gimply comparing the estimated houras for desgign with the
actual hours used to design a project (21). Thiz is done

at varioua astages of design. It ia monitored on
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approximately a weekly basis by the chief of design and the
group leaders (14). There is one admitted weakneasas of this
method of measure and that is estimating the hours of
desgign time (14; 20). This is done by two methods. Firat,
an engineer estimates how long it will take, then that
estimate is compared to the six percent fee that an A/E
firm would receive. The AE fee is calculated by taking six
percent of the estimated contract price, dividing by two to
geparate labor and overhead, and then dividing by an
average of #25 an hour. This giveas a rough estimate of the
number of hours required by an AE to do the same project.
These two figures are compared, then one is chosen and
loaded in the design schedule (14). Because of the weakness
in the estimate, it i2 used as a guideline more than an
absolute. This system gives averages and allows the sgection
chief to keep the design schedule on time. The aggregated
figures on how an engineer doeg are uged for information to
back up his performance rating.

Productivity. Productivity is measured with three

methodae. First, a time sheet ig filled out, on a daily
basis by each engineer. The time sheet explains what the
engineer did with his time. Some amount of time is

expected to be spent on non-design items, but the

percentages spent in different areas are monitored.




The second method iz the goal of having 40 percent of
the time spent on design. This is tracked individually, by
group and for the section as a whole. The goal is not to
exceed 40 percent but to astay near 40 percent. This goal
wags thought to be in the Air Force regulation somewhere,
but no one was gure where. The regsearcher waz unable to
locate it.

Quality. The chief of design was concerned by his
inability to measure quality. He was considering getting
feedback from the base working group panel, which is a
locally run organization that has representatives from each
of the organizations on base. He did realize that the kind
of feedback he would receive was not going to be completely
accurate and would probably be negatively skewed. But this
weak information was perceived as being better than no
information at all.

The interesting obaservation About quality is that the
group leaders did not have a problem defining it, nor did
they have a problem knowing if quality was there. The
group leader’'s job includes checking each of the projects
an engineer does, at variou§ levels of completion. When the
work is checked, the group leader assures himself that
adequate quality is there. If a the project is found to be
lacking, then the project is either sent back or notes are
made ags to what needs to be changed for the next review

(16; 7). While it ig true that there is2 no written
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standard for quality, each group leader had firmly in mind
what quality meant to him and checked for it. This meaaure
wag not quantified in any way. The group leaders simply did
not release a project until the necesgsary quality was
there. The researcher believes that this method will work
fine ags long as the group leaders share the organizational
views of quality and value. Additionally the group leaders
must be capable of recognizing quality and providing
agsistance when necessary, to assure quality. This method
iz arbitrary, but usable.

An additional method that had been tried and abandoned
was tracking change orders. This practice was largely
abandoned after a short time because there were so few
change ordera, and moat were caused by other than quality
issueg. This alone would seem to indicate that adequate

quality was included in .the designs.

Regsearch Sequence

Initially, contact was made with a design section with
the intention of both implementation and study of a
meagurement system. Instead, the initial contacts
uncovered a system in the process of being implemented, and
a second section (at Tinker AFB) which wag already using

the same program.
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The firat interviews were gsomewhat hindered by
vocabulary barriers. The chiefs of design have had little
formal training on performance measurement, and they have
little understanding of the in-depth technical issues.
This led to gseveral false starts due to different
definitions of the same words.

The firast plan for study was to include both of the
design sections previously discussed. It gsoon became
apparent that the section currently implementing the
meagsurement system would not be ready in time to complete
thia research. That forced the reszearcher to focua on the
gection at Tinker AFB, which had been using the program for
gseveral years.

The case study was conducted by traveling to Tinker
AFB to conduct interviews with the appropriate people,
uging a gsemi-gtructured interview format. Telephone
follow-ups were also conducted. The firat day, the chiet
of design was interviewed along with one of his more
involved group leadersgs. Then some revigsions were made to
the interview format. The second day, the remaining
available group leaders were interviewed. The last day,
the squadron commander and the industrial engineer were

interviewed.
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Productivity Measurement System Usge

The system was developed to aid the chief of design in
monitoring and controlling the section, and that is all it
ig used for. The system igs only used by the chief of
degign and the group leadere. There i2 no effort at
1mprqvement of performance, only on keeping performance
above set limita, and meeting set goals. In addition, the
system ig2 not uaed directly for performance appraisgal.
Performance measuresz of each engineer are taken into
account for appraisal, but not used directly.

The performance measureg used by the design section
are not thought of as a sysztem, although they are used in a
gsyatematic way by the design chief to control the section.
The system representa more of a collection of independent
measures, each used in a slightly different way to control

the various aspects of performance.

Validity

The investigation of validity did, as mentioned in the
methodology, include technical validity, organizational
validity and use.

Technical validity requires the system to accurately
measure the areas it purports to measure. The ayastem doez
measure the right things, and in a reasonably correct

manner. However, accuracy is questionable. The measures
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of effectiveness and quality are subjective, and the
measure of efficiency is of only questionable accuracy.
However, because of the way the system ig ugsed, the
accuracy required is also low. Therefore, even though the
system is not highly accurate, it does meet the needz the
organization imposed upon 1it. The system seems to assure
reasonable levels of organizational performance. However,
the measurements that are used are not highly refined.

Technical validity of the organizational model iz
based on ease of measurement, selection of appropriate
variablea, reliability and validity of the underlying
variables. The validity of this model appears to be
adequate. The variables measured reflect the
recommendations of the literature and the method of
measgsuring each variable is simple and straight forward. In
addition the system is easy to use and very well
incorporated in the management structure. However, the
eftficiency and quality measurez must be viewed as having
only questionable validity.

Organizational validity i2 a meagsure of how well the
syatem is accepted by the organization. 1In the case of
this system, acceptance by the user is rather a mute
point. The system iz used mostly for control, not tor
official reports; therefore, no real threat is imposed.
With the real purposze of the system being control, the

syastem is not viasible to anyone other than management.
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What vigibility does exist is accepted gimply as necessary
management control.

The system has been effectively used to do what the
degign chief wants. This ieg not, nor was it intended to
be, a system of measures dezigned to bring syatematic
improvement to performance. Rather, the ayastem wasa
degigned to keep performance in bounds. Specifically, the
sygtem ig8 in existence only to meet the management need to
provide control, which it does well enough to‘satisfy

management’s expectations.

Productivity Improvement

Some of the biggest possibilities for productivity
improvement have not been used here. In the literature the
two greatest areas for productivity improvement come from
identifying and eliminating unnecessary work, and changing
policieg and procedures that hinder productivity. The
section under gstudy has not visibly done either.

As far as changing policies and procedures, the

gsection seems to have no special effort to do thia. Part

of the reason for this iz undoubtedly due to the typical
perception that it would take a lot of time and probably
not be successful anyway. Instead, the section here has
worked within the confines of the broader organizational

system.
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When asked what he had done to improve performance,
the chief of degsign mentioned sending himself and one group
leader to avajilable management classes. Unfortunately the
other group leaderz were not allowed to attend, because of
a rule in the base personnel system that required them to
be designated asg supervisors. The chief of design
expressed his frustration at this problem, and his

inability to get anything done about it (14).

Summar

The model of performance that is used by the section
under study does provide them some level of performance
measurement. The problem with their system isg that it uses
mostly subjective measures and little actual quantitfiable
data. Although this system could be improved, there is
presently little deasire to do that. The aystem in usae
fulfilled the information needs required to meet the
management function of controlling the organization. The
gection under study has no performance improvement system,

only a management control aystem. Although the two are very

similar in appearance, they are different in function.
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IV. Conclusiong and Recommendations

Measurement System

The measurement system used by the design section at
Tinker AFB meets the basic requirements necessary to be a
performance measurement system. However, it lacks the
precision required to differentiate between 2mall
differences in performance. The reason for this appears to
be a difterence in purposde. The researcher was expecting a
performance measurement ayatem; instead, the purpose of the
sayatem geems to be management control. The aimilarities
between the two types of systems exiast because both zerve
one of the basic managerial functions of control, only the
former adda to that function the ability to closely measzure
performance with the expressed purpose of improvement.

The performance improvement aspect of the system was
almost entirely miasing. The main reasons for this seem to
be a perceived lack of importance and ability to change
regulatory hindrances. The regearcher found no working
knowledge of the executive order that directs productivity
improvement. The Air Force command structure may have
knowledge of this executive order, and may have indeed done
something about it, but there iz no evidence of this

knowledge at the squadron level. Additionally there appears
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to be little perceived benefit from productivity
improvement.

In the literature review, it was gshown that the two
major sourceg of improvement in performance came from
changing ruleaz that hinder the worker and eliminating
unnecesggary work. The perception of those interviewed
seemed to be that they could not change either the work
they were required to do, or the rules governing them.

Seldom can a squadron level section chief decide that
gsomething i2 unimportant and should not be done. Instead,
what the deaign chief had done was gshift the emphaszis so
that design was given more emphasgis than other, lesas
important, work. Most of the measures taken were of the
design function. The only way of monitoring other work was
with a suspense slip. The suspense s3lip served only to
assure timeliness and completion, both of which are
necessary for effectiveness. The chief of design at Tinker
AFB seemed to have little interest in trying to change
rules and regulations that hinder the performance of the

gection. One reagon for this {8 shown in the liteprature

review. In the literature review it was shown that one of
the side benefits to a structured approach at developing a
performance meagurement system was identifying regulatory
hindranceaga. Not having gone through such an approach, it

is reasonable to expect no such outcome would develop.
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Simply enough, the hindrances are part of the
organizational structure, and generally have been there
long enough to be ignored as such.

The models used by past researchers tried to
incorporate most of the other work done by the design
section (suggestions, work orders, reporta, and Prime Base
Emergency Engineering Force requirements among other
things) into the measurement system. This design section
simply strived to assure other work was finished in a
timely manner. This method seemz to work well for the
design section at Tinker AFB.

One possible remedy to the perception of not being
able to change the system would be the implementation of
the model ingtallation program (MIP). The researcher has
gseen how MIP can change this perception rather quickly. 1In
the researcher’s opinion MIP still lacks the formal method
of identifying problems. Instead, it takes on the
character of what would normally be follow-up. One at a
time as workers encounter problems, those problems surface
in the MIP system and are remedied.

In general, the measurement system developed by Tinker
AFB's design section is similar to what the literature
review recommends. It incorporates the same measuresz:
effectiveness, performance, efficiency, and some measure of

quality. The aystem is also simple and understandable.
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However, the sygtem lacks the ability to quantify several

of the performance measgures.

Comparisons

Comparing the performance measurement system with the
information provided in the literature review showsz both
similarities and differences. The similarities are in the
things being measured. The system observed does measure
each of the areas suggested as most important in the
literature review: effectiveness, productivity,
efficiency, and quality. The basgic structure is provided in
that the most important areas of performance are measured.

Effectiveness was stressed as being most important to
engineering performance measurement. The section under
study has a method of determining effectiveness that works
well, and satisfies management.

There are differences in the system and the literature
review. The differences nearly all stem from a sgingle
source: purpose. The purpose of the system under

investigation was to provide the information necessary for

management to control the organization, more specifically
to meet the design schedule. The purpose in the literature
review wag always to improve performance, and always
gtarted with a perceived need to improve performance.

During the research, no such perceived need was obgerved.
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It is this perceived difference in purpose that caused
the most noticeable lack in the syatem under study.

Becaugse the emphasis was on maintenance rather than
improvement of performance, there were no devicesg in place
to improve performance. No management action teams or
study groups were in place. The only real effort to improve
performance was in improving equipment and quality of the
office space, and sending the engineers to schools and
seminars to improve their skills. These sgchools, especially
AFIT short courses, have been very effective in improving
the efficiency of the engineers (16).

The second perceived weakness in the system they use
may just be one of preference. This researcher would
prefer a more quantifiable system, to allow more precise
measurement, which would allow management to more
accurately assess small changes in performance. The system
under use in the section here really is not quantifiable,
but instead provides bounds that the section can monitor.
Although thig would not lend itself well to fine tuning
performance, it does adequately fill management's present

needs.

General Conclusions

This research lead down many dark alleys, and a great
many things were learned in areas that were not intended to

be studied. These extraneous lessgsons fall into three broad
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areas. First, there i3 a serious lack of communication in
the United States Air Force about performance and
productivity. Second, most of the past research focus on
measurement with little emphasis on actually improving
performance. A simple model such as the one used at Tinker
AFB may provide the accuracy necessary to start working on
improvement. And third, there is little incentive to
improve performance, and often the opposite exiats, which
ig motivation not to improve.

The researcher was first confronted in the literature
review with the lack of common definitiong for performance
and productivity. The two terms are often used
interchangeably. In the Air Force, these terms are just as
confuaed; The researcher found several times at the
beginning of this research that convergations were nearly
meaningless because of this lack of common definition.

To perpetuate this lack of common defiﬂition. there is
little communication about the subject in the Air Force.
The various gourcesg of continuing education offered do not

include the study of performance improvement or

measurement. There is also no easy way for one squadron to
pagsg on information to the rest of the Air Force. Part of
the reason tfor this ias that there iz not any publication
gpecifically for Air Force Civil Engineering at this time.

All of this lack of communication causeg the next problem.

63




There is not any working knowledge of available help.
The only resources known to any of the people who were
interviewed, are AFIT short coursea and various management
clagses available locally. No one had heard of MGEEM, and
knowledge of any other performance improvement system was
very limited.

The second area of unexpected learning came mostly
from the literature review. Sheehy said that the higher in
the structure you go,'the greater the affect of change
(27:144) His observation i8 unquestionable, yet there iz a
gsecond gimilar observation. The farther down the chain of
command one goea, the lessz the perception of ability to
implement change. This has been partially overcome by
programs like MIP, but only in specific locations.
Unfortunately, it appears that most of the Air Force
research in the past has been at the squadron level, which
is where the abilitf to implement change appears to be
lowest.

A confounding factor in the literature is that most of
it iz about business. The literature about the public
gector is=s usuaily of cities or small federal government
agenciea. With these organizations there are not the many
layera of command that occur between the squadron level of
the Air Force and top management. Some of that top
management is2 completely out of the Air Force, such as

Congregs, which often does not share the same goals and
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concerng. If real performance improvement is to come to
the Air Force, it musat come from top management. This
includes all of the major commands and the Air Force
Engineering and Services Center, as well as necesgsary
congreasional support. It appearsg at present that aome
interest exists at the higher levels, but it is badly
diluted by the time it gets to the aquadron level.

One of the things the researcher observed was the way
major command performance improvement programs work.
During the case study, the regearcher was told of a new
program from the major command for quality improvement.
The perception of the program was that it was imposed and
would be of little or no help. This was followed by the
perception that this, like other gimilar programs, would go
away with the next change of command ceremony (14). Under
these circumstances, even a good program ig likely to fail.

Finally, there is little perceived need to improve
performance, and probably less perceived ability. However,
there i3 a perceived need to measure and control

performance, and that openg a door for future improvement.

In the researcher’s opinion, part of the reason for this
perceived lack of need is that there is little incentive to
improve performance. There ig a common perception that
performance improvement can lead to decreased manpower and

budgets (19:152). Capital improvements appear especially
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prone to causing manpower losses. This causes some managers
to look at real attempts at performance improvement as
risky. The researcher saw another problem faced early in
the MIP program. The problem was that of who gets the
dollars saved. If the organization that is saving the money
gets to use even a portion of that money for other things,
it provides incentive to improve. This ability to reprogram
saving is not usually the case outside of the MIP program.
The personnel system may also act as a hindrance,
because of the excessive amount of control faced by
management. In the literature review, it was shown that
firgt line managers should have the authority to hire and
fire employees. Management does not always perceive this to
be the case. Even though hiring is suppoaedly a management
function, management is told when they can and cannot hire,
based on strict manpower standards, and the applicantas are
scr~ened. Additionally, the researcher does not believe
that managers perceive a real ability to fire an employee.
Many managers also complain about how restricted they are
in the ability to use pay aas an incentive. Not only can
they not give bonuses, but they cannot give pay increasges

based on performance, except in very few circumstances (7).

Areags For Further Regearch

One of the problems with this system was with the

efficiency measure which used an estimate of the design
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time needed to complete a project. A program has been
developed to estimate deaign time and has been used at
Keesler AFB. This program needs to be examined and its
accuracy verified. The addition of the estimating program
to Tinker AFB'g existing design schedule program would be
very valuable. A more valuable area for further research
would be to focus on performance improvement over

performance measurement.
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Engineers (COE). —JThe impact a design section has on an Air
Force base is enermous. The programmed budget for
construction for 1987 was over $3 billion, or about 15
percent of the Air Force operations and maintenance budget.

"X performance is important in any organization with this
large of an impact. That performance should constantly be
improved. Before performance can be improved it must be
accurately measured. The literature available suggests
that to accurately measure the performance of engineers,
one must first identify key dimensions of performance
which, when accomplished, will assure effectiveness. After
effectiveness has been assured, then efficiency, produc-
tivity and quality need to be measured. Together these
four things give a picture of performance. —x )}~ ...

A case study of an Air Force Civil Engineering design
section was done with the purpose of documenting the system
used for performance measurement. The system used measured
effectiveness, performance against schedule, efficiency
and productivity. Some capability of assuring quality
was also built into the management system.

The system that is used by the section under study
does provide a limited capability to measure performance.
However, this system uses mostly subjective measures and
little actual quantifiable data. This is a weakness if
fine differences in performance need to be measured, as
would be the case for a performance improvement system.
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